We describe a code lengthening technique that uses Unequal Error Protection codes as su x codes and combine it with iteration of the conventional Construction X. By applying this technique to BCH codes, we obtain 5 new binary codes, 13 new ternary codes and 13 new quaternary codes. An improvement of Construction XX yields 2 new ternary codes.
Introduction
The rst two authors applied several lengthening techniques to BCH-codes in 3, 4] and obtained linear codes with new parameters. A di erent rather sophisticated lengthening method was introduced in 10]. The su x codes used in this technique are known in literature as unequal error protection (UEP ) codes (see 5, 9] ). The third author used this method for the construction of linear codes with new parameters 8, Ch. 6] .
In this paper we combine lengthening of UEP codes and the \iteration of Construction X" from 4]. Starting from BCH codes, we obtain 5 new binary codes, 13 new ternary codes and 13 new quaternary codes. (In fact, three of the quaternary codes already appeared in 8, Ch. 6]). The paper is organized as follows.
In Section 2, we de ne two-level UEP codes and give two constructions for such codes. In Section 3, we describe the basic lengthening technique and show the usefulness of UEP codes in this construction. We also brie y recall the \iteration of Construction X" from 4]. In Section 4, we apply the results of Sections 2 and 3 to the lengthening of BCH codes. In the nal section, we improve Construction XX from 1] and obtain two new ternary codes.
Unequal Error Protection Codes
The intention of unequal error protection codes (or brie y UEP codes) is to o er a larger error protection to more important message symbols than to less important ones 5, 9]. As shown in 10] and in the next section, UEP codes can advantageously be applied in code lengthening techniques. In this paper we restrict ourselves to two-level UEP codes. For our purposes, the following de nition is most suited.
De nition 1 Let D > d. An n; k] code C is an n; k; (D m ; d k?m )] code if it has minimum distance at least d and it contains an (k ? m)-dimensional subcode D such that any word of C n D has weight at least D.
We continue with two constructions of two-level UEP codes.
De nition 2 Let the q-ary codes C 1 and C 2 have lengths n 1 and n 2 , respectively, and let i < min(n 1 ; n 2 ). The code C 1 _ i C 2 of length n 1 + n 2 ? i is de ned as C 1 _ i C 2 = f(u 1 ; : : : ; u n 1 ?i ; u n 1 ?i+1 +v 1 ; : : : ; u n 1 +v i ; v i+1 ; : : : ; v n 2 ) j u 2 C 1 ; v 2 C 2 g:
Note that C 1 _ 0 C 2 is simply the direct sum of C 1 and C 2 .
Lemma 1 Let C j be a q-ary n j ; k j ; Here is a second construction of a two-level UEP code. It may be noted that Theorem 2 can be generalized to allow the use of UEP codes as ingredients. We will not pursue this in the present paper. In Section 4 we will make use of the binary two-level UEP-code 16; 8; (8; 4 7 ) Consequently, E(C 1 ) has minimum distance at least d 3 .
Using BCH-codes
We aim at extending binary, ternary and quaternary BCH-codes of moderate lengths. It turns out that two-level UEP codes combined with the iteration of Construction X produce good codes in certain situations.
The following notation for q-ary BCH-codes will be used. Proof As su x code S, we choose the e 1 + e 2 ? i; 1 + 2 ] code S 1 _ i S 2 : Clearly, S enjoys the following properties. S = S 1 S 2 , where S j has dimension j and minimum distance at least j ; j = 1; 2.
The minimum weight of S n (S 1 S 2 ) is at least .
